In a previous paper, the author (1929) has calculated the order of death for organisms which are killed by the reaction of just one molecule in the cell, and also for organisms which require the reaction of 2, 3, 4 and more molecules before the cell is injured beyond recovery. It was shown that higher organisms follow the order of death as calculated for several reacting molecules, while bacteria, as a rule, follow the order computed for one reacting molecule per cell.
As early as 1908, Miss Chick accounted for this by the assumption of a graded resistance. The death rate of any inhomogeneous mixture of bacteria will be high at first, because the less resistant forms die rapidly. Towards the end of the experiment, the weak individuals are practically all dead, and the death rate is determined by the more resistant cells. Each grade follows the logarithmic order, but the \k \x FxG. 1. Theoretical survivor curves, if 1, 2, 3, 4, 6, 12 or 100 molecules must be inactivated to kill the cell. Dotted line: Survivor curve of a mixture of bacteria of different resistance.
sum of all of them results in a sagging curve and a decreasing death rate, as can be seen from Table I , where the survivors from three strains of different resistance have been calculated, each having a constant death rate, while the death rate of the sum of survivors is seen to decrease distinctly. The logarithms of the total survivors give the dotted line of Fig. 1 . Falk and Winslow (1926) tried to account for this type of death order by assuming multimolecu]ar rather than monomolecular reactions. As long as there is no absolute proof of a graded variability of resistance in bacteria, this kind of explanation must be considered as one of several possibilities. The general type of survivor curve would correspond to the dotted line of Fig. 1 . But it seems to the author that the assumption of a varied resistance is much more probable.
A very interesting experiment confirming the author's view is the gradual change of the order of death in Reichenbach's experiments This time might also be determined graphically. We consider it as standard, and call it 100 units, and compute the minutes of the experiment into these units. Reichenbach's data, computed in this way, give the standardized values of Table II. In Fig. 2 , the logarithms of the percents of survivors are plotted against standard time. The youngest culture shows the greatest deviation from the straight line of logarithmic order, indicating a very inhomogeneous mixture of quite resistant (old) and quite sensitive (young) cells. With increasing age, the rapid multiplication eliminates, absolutely and relatively, the resistant cells. The 8-hour culture was not carried far engugh to kill 99.9 percent of all cells. Several extrapolations are possible, and this curve in Fig. 2 is therefore dotted. At 13 hours, the cells are fairly homogeneous. At 24 hours, the survivor curve goes beyond the straight line. Reichenbach considered this one experiment abnormal but he could not account for the deviation, and consequently published it with the others. Another experiment with a 24-hour old culture gave normal results. The old cultures are very near the straight logarithmic order. This one exception shows an increasing death rate while the death rate of the others is either constant, or decreasing. The greater the decrease, the deeper is the sagging of the survivor curve. The decrease of the death rate is nothing uncommon. Really, it is the most common occurrence, and special precautions have to be taken to get a constant death rate. Quite rare, however, is the increase of the death rate with bacteria, while it is the common occurrence with higher organisms. The most remarkable thing about the few cases of increased death rates recorded in literature is that they are characteristic for certain species of bacteria. The first typical case was observed by Chick (1910) with Staphylococci. It is very striking that one single glance at the survivor curves in Miss Chick's paper will tell at once whether it represents a staphylococcus or any of the other bacteria tested. The curves of the Staphylococci resemble the survivor curves plotted by the author for the assumption that 2, 3, 4 or more molecules in the cell have to be reacted upon in order to cause death (see Fig. 1 ).
The increasing death rate and the shape of the curves are characteristic for death by heat as well as for death by phenol. This fact, together with the uniformity of the logarithmic order of death by all kinds of different agents such as heat, drying, freezing, light, chemical poisons, make it quite probable that the same molecules are affected in each case. The previous paper had been limited to death by heat, but from now on, death by chemical poisons will also be considered though.the homogeneity of the system has not been proved.
Two tables of Chick's on Staph. aureus are represented in Table III as computed on the Standard scale used before. In her other tables, the initial number of bacteria which shows the most important criterion for this type of curves, namely, the eventual period of no deaths or retarded death is missing; without this, the other data are of no value for our purpose.
A slow rate of dying is observed from the very beginning, in Chick's experiments as well as in the others to be discussed later, but this might be accounted for by variation in resistance. A computation of the curve for various grades of resistance with more than one molecule reacting gives results similar to those shown in Fig. 3 , and the following curves. 1
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FIG. 4. Survivor curves of B. anthracis (dotted lines) and unnamed spore-former (fulllines) drawn to standard scale.
Another typical case of increased death rate is recorded by Reichenbach (1911) . This investigator found that the death rate with spores of B. anthracis was fairly constant whether heat or bichloride of mercury was used, while with the spores of an unidentified bacillus, the death rate increased whether heat or bichloride of mercury was used. The essential fact again is the observation that the order of 1 After the completion of the manuscript, the paper of Gates (1929) appeared in which a culture of Stapk. aureus gives a survivor curve very similar to the one shown in Fig. 3. death is not a function of the killing agent, but a property Of the organism. Reichenbach's data were computed to standard scale (Table IV) and are shown graphically in Fig. 4 . B. anthracis approximates a straight line, while the unknown spore-former behaves distinctly different and bulges out above the straight line.
In 1912/13, Eijkman resumed his studies of the order of death. He investigated especially the influence of the size of organism on the shape of the survivor curve and found that "the assumption seems justified that while the smaller microorganisms behave analogous to the monomolecular reaction, with the larger organisms, the individual Another set of data has been published which shows a non-logarithmic order of death with an unnamed spore-former, namely, those of Myers (1929) on the disinfection by strong alkalies. All experi-ments but one showed an increasing death rate. It would be impossible to present all data here, but a random selection was made presenting one table each of the death by pH 7.5, pH 11.4, and pH 13.1. Since Myers mentions logarithms only for his averages, Table V also gives only the logarithms of the percentage of survivors. The survivor curves resemble those of Reichenbach's unnamed spore-former so much that they need not be presented here.
These three organisms, the staphylococcus and the two sporeformers, are the only bacteria which have shown an increasing death rate as a rule. Besides them, we have the yeasts, according to Eijkman, but they will not be considered here because they are not bacteria. The above types of survivor curves are not without exceptions, however. Lee and Gilbert (1917) report a very constant death rate with Staph. aureus killed by phenol. Among the 18 sets of experiments of Myers', one is quite constant and two o~hers nearly so.
On theother hand, those species ordinarily following the logarithmic order show occasional exceptions. Reichenbach's one exceptional case with Bact. paratyphosum has been already mentioned. Then there are the two experiments of Eijkman's with Bad. coli showing plainly an increasing death rate, while two other experiments with the same organism gave a decreasing rate.
We might consider the evidence given above regarding the three organisms as an indication that they contain 2 or 3 "reacting molecules" per cell. But the considerable number of exceptions makes another explanation more probable. All three exceptional species will probably not give accurate plate counts. The Staphylococci ordinarily stick together in lumps or clusters, while the spore-formers • are likely to grow in threads, each thread consisting of several cells containing one spore each. The clusters and threads will not be broken up into individual cells during the diluting and plating process, and each cluster or thread will give only 1 colony, regardless of the number of individual cells in it. A cluster of 8 cells will then count only as 1 cell, and after 4 of these cells are dead, it still counts as 1. Even after 7 of the 8 are dead, it will appear on the survivor curve as 1 ceil It is evident that such a cluster behaves exactly like a cell with 8 reacting molecules. If such clusters are in abundance, the survivor curve of such inseparable organisms must be similar to that for several reacting molecules. This is identical with an increasing death rate. Breed and Stocking (1920) Baker, Brew and Corm (1919) found that each colony of the plate count corresponds to approximately 1.8 cells.
A true logarithmic order of death can be expected only when the plate count actually represents the number of single cells still capable of multiplication.
Some recent investigations with yeast in this laboratory have shown that a "bulging" survivor curve is found when the yeast is • killed by temperatures very near the maximum temperature. Probably we are dealing here with repair processes which, at the very slow rate of death, might for a while be capable of keeping cells alive. An analysis of this type of curve will be given as soon as the experimeats have been completed.
SUMMARY
In a previous paper, it has been shown that the logarithmic order of death of bacteria can be accounted for by the assumption that each cell contains one or several extremely sensitive molecules and that the destruction or inactivation of any one of these prevents multiplication of the cell.
In this paper, the apparent exceptions to the logarithmic order are dealt with. It has been shown that the decreasing death rate can well be accounted for by the assumption of a variation in resistance of the cells under test.
The few cases of increasing death rates might be indicative of a different cell structure, requiring the destruction of 2 or 3 molecules before multiplication is made impossible. More probable, however, is the assumption that these bacteria behave exactly like the others, and that the apparently larger number of molecules per cell is caused by our imperfect method of counting living bacteria by the plating method where a cluster of several cells can be counted only as one cell. Bacteria with a tendency for clustering are ]ikely to give results resembling the expectation for several reacting molecules per cell.
